transcriptional pilG::lacZ promoter fusion construct and inserted it into P. aeruginosa 1 strain PAK and its lecB mutant. β-galactosidase assays were performed as described by 2
Miller (17) . No significant difference in the transcriptional activity was observed (data 3 not shown) suggesting that the effect seen on the expression of PilJ in the 2-D studies 4 takes place at the post-transcriptional level. Neither lectin was detected in the wild-type 5 membrane preparations used for proteomic studies, suggesting that they may be 6 expressed at very low levels or are not found in significant amounts in the outer 7 membranes. Since there was a difference in the expression of the PilJ protein in the lecB 8 mutant, the wild-type protein was subjected to gas chromatography-mass spectrometry 9
and liquid-chromatography-mass spectrometry at the Complex Carbohydrate Research 10
Center, (Athens, Georgia) to examine whether it was glycosylated. No carbohydrates 11
were found attached to this protein. 12 
13
LecB mutant was defective in twitching motility 14 In P. aeruginosa, twitching motility is mediated by type IV pili and is controlled by a 15 complex chemosensory pathway comprised of the proteins PilG, PilH, PilI, PilJ, PilK, 16
ChpA, ChpB and ChpC (30). Kearns et. al. (13) had observed that a P. aeruginosa pilJ 17 mutant was deficient in twitching motility and expressed no type IV pili. Therefore, the 18 twitching motility phenotype of the mutants was examined via the subsurface stab assay. 19 Twitching assays demonstrated that the wild-type strain PAK and the lecA mutant 20 twitched normally, whereas the lecB mutant was non-twitching. This defect could be 21 complemented by providing an intact copy of the lecB gene cloned into the low-copy 22 To further characterize the defect in twitching motility, Western blot analysis was 4 performed to determine the levels of PilA, the major pilus subunit, in the lecB mutant. 5
A C C E P T E D
The mutant produced wild-type levels of intracellular PilA ( Fig. 2A) . However, 6 transmission electron microscopic examination of the lecB mutant and the complemented 7 lecB mutant demonstrated that lecB was involved in pilus biogenesis (Fig. 2B ) in the 8 mutant lacked pili . Thus, the twitching defect in the lecB mutant is not due to a 9 transcriptional change in pilJ or pilA synthesis but most likely due to an inability to 10 assemble surface pili. 11 12 Impairment in biofilm formation is due to lack of pilus synthesis 13 LecB, flagellar, and type IV pilus mutants of P. aeruginosa have been shown to be 14 impaired in biofilm formation (14, 21, 27 ). We, therefore, compared the ability of the P. 15 aeruginosa wild-type strain, lecA and lecB mutants and a non-piliated PAK strain (PAK-16 NP, pilA-) to form biofilms (22). The behavior of the lecB mutant was identical to that of 17 the pilA mutant. As shown in Fig. 3 LecB binds to the surface of P. aeruginosa (27). The LecB protein was recently reported 1 to be present in the outer membrane fraction (27), which would support such a role, but 2 whether the protein is localized on the periplasmic face or the external surface of the 3 outer membrane is unclear. With this new information that pili are not assembled in the 4 lecB mutant, the most likely explanation for the defect in biofilm formation may be the 5 absence of pili in this mutant. 6 7 Role of LecB in protease(s) activity 8 P. aeruginosa is a prolific exporter of virulence factors. Its genome harbors genes for the 9 six known protein secretion systems that have been described in Gram-negative bacteria 10 (26). Since the lecB mutant was defective in type IV secretion, we examined whether the 11 mutants also had defects in other secretion systems. In P. aeruginosa, the type II 12 secretory pathway is used to export the largest number of proteins, including 13 phospholipase C, alkaline protease, exotoxin A, LasA and LasB (elastase) (3, 4, 16, 19, 14 23). We examined the proteolytic activities of lecA and lecB mutants by growing them on 15
Casein-Milk agar plates. In P. aeruginosa, caseinolytic activity is due mainly to the 16 actions of LasB, alkaline protease and protease IV (6). After 36 h, wild-type strain, the 17 lecA mutant and the complemented lecB mutant produced a proteolytic zone, while a very 18 weak zone was observed in the lecB mutant (Fig. 4A) . We therefore examined the levels 19 of LasB in the LecB mutant by immunoblot using antibody against LasB protein. Both 20 the intracellular pool as well as secreted LasB were unaltered in the mutant (Fig. 4B) , 21
suggesting that the reduced caseinolytic activity is not due to a LasB defect, but either to 22 alkaline protease or protease IV. Alkaline protease is a metallo-protease whose activity is 23 Degradation products were then analyzed by SDS-PAGE. As shown in Fig. 4C , the lecB 6 mutant did not exhibit any lactoferrin degrading activity, whereas hydrolysis of the 7 substrate was observed with the wild-type and the complemented lecB mutant. Since 8 neither the secretion nor the size of LasB is affected in the lecB mutant we presume that 9 the defect in caseinolytic activity is probably due to modulation of protease IV activity. 10
Notably, SDS-PAGE analysis of the secreted proteins showed that in lecB mutant many 11 extracellular proteins were absent. 12
13
In addition, the mutants were assayed for the phospholipase and exotoxinA secretion but 14 found to be unaffected. Furthermore, no effect on the secretion of ExoS and ExoT, which 15 are secreted through type III secretion system (7, 32), was observed in the lectin mutants. 16 adhesion to respiratory mucins in cystic fibrosis (18). In order to examine this, we 20 performed mucin binding assays to CF mucins as described previously (24). A P. 11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35 
